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1. Introduction

The primary open issue regarding channel sounding is the multiplexing of sounding users.  This paper addresses the implications of different channel sounding schemes regarding several key system parameters.  These open issues include the sounding of cell-edge UE’s, the scheduling delay, power control accuracy and  MCS selection.
2. Processing Gain and Channel Sounding
There has been a significant amount of discussion about processing gain as it relates to channel sounding.  Our previous paper, provided simulation results showing that the CINR estimation accuracy is dependent not only on the target PSD, but also on the spreading gain which is equal to the sounding sequence length in the frequency domain.  This section provides analytical evidence for the same result.
2.1. Definitions
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2.2. Channel Estimation
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The channel estimation quality over the entire sounded bandwidth can then be expressed as the following.
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                                                                 (22)


Where Gc is the channel gain, M is the sequence length, i2 is the interference power and N2 is the noise power.  So, the received channel estimation accuracy is not only dependent on the received CINR(or psd), but also the spreading gain.  The practical implication of this result is that a cell-edge UE can just as easily sound a wide bandwidth as a narrow bandwidth.
3. Channel Sounding and Power Control

In this section, we characterize the ability to use channel sounding as a power control reference.  It is expected, of course, that the wider the bandwidth, the closer the observed PSD at the receiver is to the target PSD.  This is, in fact the observation according to our simulation results which are presented below. In addition, we observe that the ability to use sounding as a power control reference is independent of the repetition factor used, but is completely dependent on the sounding bandwidth.
	RPF
	NRB’s
	PSD Error 
	Mean PSD (dB)

	1
	2
	3.02
	-0.17

	
	6
	2.31
	-0.16

	
	25
	1.82
	-0.14

	2
	2
	3.10
	0.20

	
	6
	2.24
	0.063

	
	25
	1.80
	-0.16

	3
	2
	3.04
	-0.23

	
	6
	2.35
	0.057

	
	25
	1.87
	-0.12

	6
	2
	3.18
	-0.060

	
	6
	2.27
	-0.11

	
	25
	1.87
	-0.17

	12
	2
	3.70
	-0.19

	
	6
	2.40
	-0.0045

	
	25
	1.85
	0.0060


Table 1.  PSD error for different sounding schemes.
4. Channel Sounding and MCS Selection

The ability to accurately select an MCS for a user is dependent on the CINR estimation accuracy for the scheduled bandwidth in addition to the accuracy of the power control.  In the case where the scheduled bandwidth is equal or less than the sounding bandwidth, the CINR estimation accuracy is determined by Equation 22 plus the power control error.  In the case where the scheduled bandwidth exceeds the sounding bandwidth an additional error term is introduced.  This term is determined by the difference between the channel gain over the scheduled bandwidth and the channel gain over the sounding bandwidth.  This additional error term is quantified in Table 2.
	NRB’s Sounding
	NRB’s Scheduled
	Incremental MCS Error (dB)

	2
	6
	1.76

	2
	25
	2.45

	6
	25
	1.50


5. Channel Sounding and Scheduling Delays

One of the advantages of LTE is the ability to maintain low delays in the scheduling of UE’s.  In the case of frequency dependent scheduling on the uplink, the eNodeB will not be able to schedule the uplink in a timely manner when narrowband sounding is deployed.  In addition, when frequency dependent scheduling is deployed on the uplink, the scheduling delay on the uplink will be different than the scheduling delay on the downlink because the downlink scheduler will have wideband CQI information available.  Finally, in the case of wideband scheduling, the scheduling delay is much more predictable than the case of narrowband sounding.  Narrowband sounding requires a lucky Rayleigh fading draw which is a poor indicator of the actual signal conditions that will be observed at the time of data transmission.
6. Conclusions

In this paper we have shown that cell-edge UE’s are able to sound a large bandwidth because of the large processing gain.  In addition, we have shown that narrow bandwidth sounding results in poor power control accuracy.  We have shown that narrowband sounding results in large incremental MCS selection errors when scheduling bandwidths larger than the sounding bandwidth.  These conditions result in excessive use of the hybrid ARQ mechanism on the uplink and wasted bandwidth.
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